Background and Objectives: Both TomoTherapy and RapidArc have been examined in hippocampus sparing whole brain irradiation in adults. We aim to compare both techniques in pediatrics with relatively smaller brain volume.
Introduction
The use of whole brain radiation [WBRT] with hippocampus sparing to preserve the neurocognitive functions is a novel concept that has been explored recently in patients with brain metastasis. This was based on data showing low incidence of limbic system involvement by brain metastasis [1] . It has been evaluated in adult patients using TomoTherapy [2] and RapidArc (RA) [3] . Central nervous system [CNS] tumors are the commonest solid pediatric malignancy with whole brain irradiation commonly given to pediatric patients either alone or as part of craniospinal irradiation [CSI] . The side effects of radiation on the neurocognitive functions are of significant concern in young patients [4, 5] . In March 2009 both RapidArc and TomoTherapy facilities started to run clinically in our center, and the cumulative training and experience of the staff in both techniques are nearly the same.
Few data exist regarding direct comparison of TomoTherapy and RapidArc from centers with equal cumulative experience in both techniques. And data regarding hippocampus sparing is nearly absent in pediatric patients with relatively small brain volume. The aim of this study is to compare TomoTherapy and RapidArc in hippocampus sparing WBRT technique in pediatric patients regarding the mean hippocampus dose, target homogeneity index [HI] and treatment time.
Patients and Methods
After revision and approval of the study by the research committee, three pediatric patients with the diagnosis of cerebellar medulloblastoma were chosen. They were actually treated with 3-D conformal CSI technique. We investigated the feasibility of using TomoTherapy and RapidArc to deliver WBRT with hippocampus sparing on virtual plans. For the purpose of actual treatment planning, the patients were scanned by a wide bore system computed tomography [CT] using the axial scan mode. The CT scan implemented a 2 mm slice thickness over the entire head region. Each patient also underwent a T1-weighted, post-contrast axial magnetic resonance imaging [MRI] scan. The anatomic contours were delineated on the fused CT and magnetic resonance image sets in the treatment planning system [Eclipse].
The hippocampus, the whole brain and the eyes were manually contoured. A 5 mm volumetric margin expansion was applied to the hippocampus. The CTV for the brain included the whole brain tissues and meninges defined at the inner table of the skull after subtracting the hippocampus with the 5 mm expansion volume. Planning Target Volume [PTV] was defined as CTV plus 3 mm margin. All the three patients were re-planned twice, for the purpose of dosimetric comparison between RA and TomoTherapy. The first plan was done using TomoTherapy aiming at adequate brain coverage and as low as possible hippocampus dose. We hypothesized that RapidArc could achieve similar or better results. Both planning were done using the same normal structure and target contours as defined on CT-MRI fusion.
The TomoTherapy planning technique was done as prescribed by Gutierrez et al. [2] . The CT images and associated contours were transferred to the TomoTherapy Treatment Planning System [TPS] from the Eclipse TPS using the digital imaging and communications on medicine [DICOM]-RT protocol. For this study, plans were generated using a 2.5 cm FW to obtain the most conformal treatment plan deliverable in a reasonable period. For all plans, the modulation factor was set to 3.5 cm.
The RapidArc planning technique was done as prescribed by Hsu et al. [3] . The CT planning images and associated contours were transferred to the RapidArc optimization planning system environment in the Eclipse treatment planning system using the DICOM format. Using the RapidArc optimization algorithm, RapidArc treatment plans were generated for WBRT with conformal avoidance of the hippocampi. The RapidArc plans consist of an arc, starting at a gantry angle of 179 degrees and rotating counterclockwise through 359 degrees to stop at a gantry angle of 181 degrees. During optimization, multileaf collimator [MLC]-shaped fields are progressively added throughout the arc. The gantry rotation speed and monitor units [MU] per gantry angle degree was optimized for a variable dose rate plan with a maximum dose rate of 600 MU/min. in the first phase of the study planning was done using single arc, but after failure of achieving comparable results with TomoTherapy, 2 arcs have been used. The delivery time was calculated for each of the three plans [TomoTherapy, RapidArc single arc, and Rapid Arc 2 arcs].
Dose prescription and dose constrains
The main planning objective was to reduce the mean dose for the hippocampus as much as possible without compromising the coverage of the target volume. The dose of 36 Gy was prescribed to 95% of the volume of the whole brain [PTV], and delivered in 20 treatment fractions. The dose constraint applied to the eye was that no more than 50% of the eyes would receive >5 Gy. At the commencement of the trial a very hard dose constrains were applied aiming to achieve a comparable results with previous publications [3] namely, to reduce the mean dose for the hippocampi to <6 Gy without compromising on coverage of the whole brain. As we progressed in the planning in both TomoTherapy and RapidArc, it was clear that these results cannot be achieved so the constrain was loosen during the optimization process based on the dosimetrist experience to achieve the best compromise between both.
Plans comparison
The treatment plan metrics were compared using the following parameters: HI, the mean and the maximum hippocampus dose. Dose homogeneity in the target volumes were quantified by the HI, as recommended by the International Commission on Radiation Units and Measurements [6] . The HI is defined as the greatest dose delivered to 2% of the target volume [D2%] minus the dose delivered to 98% of the target volume [D98%] divided by the median dose [Dmedian] of the target volume:
Smaller values of HI correspond to more homogenous irradiation of the target volume. A value of 0 corresponds to absolute homogeneity of dose within the target. The statistical package for social sciences [SPSS] version 15 was used for data analysis.
Ethical consideration
This is a comparative dosimetric planning study. All planning were virtually done on CT images stored on our planning database. No comparison or analysis was done regarding any of the actual delivered treatment.
Results
The average age of the studied patients was 6.3 years. The mean volume of the brain PTV was 1377 cc while the mean hippocampus volume was 1.7 cc. After several trials with single arc RapidArc planning it was clear from the data of the three patients that we cannot achieve comparable results to TomoTherapy, so a third plan was added and compared using 2 Arcs. The goal for the eye was achieved for all patients in all the three plans with no more than 50% of the eyes receiving >5 Gy. Table 1 summarizes the patients' characteristics and the planning results for the three studied patients. TomoTherapy was able to achieve a mean hippocampus dose of 13.6 Gy with HI of 0.14. With RapidArc [singlearc] the same hippocampus dose was not achievable without compromising the HI significantly, with mean hippocampus dose of 14.5 Gy, the HI was 0.20 By using 2 arcs, similar doses to the TomoTherapy plan were archived, namely, a mean hippocampus dose of 13.6 Gy with HI of 0.14. Figure 1 shows the DVH of one patient comparing TomoTherapy to one arc and Figure 2 shows the DVH of one patient comparing TomoTherapy to two arcs.
The treatment time for TomoTherapy was 3.5 minutes while it was 1.2 minutes for single arc and 2.4 minutes for two arcs.
Discussion
TomoTherapy and RapidArc are relatively new volumetric modulated arc therapy that delivers radiation through arc technique.
The RapidArc technique has shown superiority [better conformity, more favorable dose distributions, shorter treatment times and better normal tissue sparing] compared to conventional IMRT in different treatment sites like Head & Neck [7] Brain [8] Pelvis [9] and breast tumors [10] . Also TomoTherapy showed a competitive superiority results when compared with IMRT in several sites. [11] [12] [13] [14] [15] . Rong et al. [16] conducted a joint trial between 2 centers, University of Maryland and University of Wisconsin Cancer Center in order to compare both techniques. It showed that in different treatment sites both the treatment delivery time and the total MUs are less with RapidArc than with TomoTherapy, while the target dose uniformity is slightly better with TomoTherapy.
Whole brain RT with hippocampus sparing and simultaneous integrated boost [SIB] using either RapidArc or TomoTherapy has been explored in adult cancer patients with brain metastases. This technique was described to achieve homogeneous WBRT, with a high conformality to the metastatic lesions, while limiting the hippocampus dose to <6 Gy.
In the current study we explored the use of WBRT hippocampus sparing techniques in pediatric patients with medulloblastoma. Patterns of failure of medulloblastoma suggest that supratentorial metastases/relapses involve the meninges, sub-temporal, sub-frontal, the ventricles or the hypothalamic areas, while relapses in the hippocampus area are nearly nonexistent [17] .
The number of the studied patients was limited to 3 as the results achieved with TomoTherapy compared to RapidArc [single or two arcs] were consistent among the three studied patients. We may come up with a follow up article in the future with more number and robust results.
In the current study, neither TomoTherapy nor RapidArc was able to achieve a low dose to the hippocampus with good target coverage of the brain in pediatrics as what has been achieved in previous publications in adults [3] . One reason for this could be the relative small size of the brain in pediatrics. Whole brain irradiation is part of many pediatric brain tumor protocols. Most of the trials are exploring the reduction of the total dose or the field size as the feasibility of reducing the dose to a specific area during brain irradiation is a novel technology achievement [18] . A recently published trial compared different techniques like intensitymodulated radiotherapy (IMRT), intensity-modulated arc therapy (IMAT), and intensity-modulated proton therapy (IMPT) in reducing hippocampus dose in pediatrics with more strict criteria for brain coverage, estimated risks for developing memory impairment to be 33% with limiting the hippocampus dose to 10 Gy and 41% with 18 Gy and advised testing pediatric hippocampus sparing in a prospective clinical trial [19] .
Conclusions
For whole brain radiation, TomoTherapy can achieve better target coverage with lower dose to the hippocampus as compared to single arc RapidArc technique, while using 2 arcs can achieve similar results with shorter overall treatment time. Centers having both facilities would better use RapidArc (2 arcs) for hippocampus sparing brain irradiation in pediatrics to decrease the treatment duration.
